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We  have  done  a  wide-ranging  parameter  study  for  the  typical  section  airfoil  including  the  effects 
of  plunge  to  pitch  frequency  ratio,  mass  ratio  and  Mach  number.  These  calculations  were  done 
by  exercising  our  reduced  order  modeling  capability  to  obtain  the  many  flutter  points  required 
much  more  rapidly  than  would  be  the  case  using  conventional  methods.  This  work  has  now  been 
extended  to  the  calculation  of  limit  cycle  oscillations  (LCO)  to  show  the  effects  of  the  same 
parameters.  At  the  moment  we  are  concentrating  on  the  determination  of  LCO  due  to 
aerodynamic  nonlinearities. 

The  results  obtained  are  quite  interesting  and  show  the  following  effects. 

1)  There  can  be  a  change  in  LCO  due  to  aerodynamic  nonlinearities  from  benign  to  dangerous 
as  the  Mach  number  is  changed.  By  benign  LCO  we  mean  no  LCO  below  the  nominal  flutter 
speed  and  by  dangerous  LCO  we  mean  LCO  can  occur  below  the  nominal  linear  flutter  speed. 

2)  Our  results  for  LCO  including  viscous  effects  in  the  aerodynamic  model,  are  being 
compared  to  experiment.  Initial  results  are  promising. 

3)  The  above  LCO  calculations  have  now  been  extended  to  3D  inviscid  flow.  Current  work  is 
directed  toward  adding  the  effects  of  viscosity  to  the  3D  flow  model. 

We  have  submitted  two  abstracts  to  the  2003  AIAA  SDM  conference  that  cover  items  1-2  above 
and  another  paper  is  to  be  presented  at  the  ASME  International  Congress  this  fall  discussing  Item 

Attached  is  a  copy  of  the  presentation  presented  at  the  AFOSR  T&E  Meeting  in  June  2003 
summarizing  our  work  to  date.  Among  the  most  significant  results  are  the  first  predictions  of 
Limit  Cycle  Oscillations  for  the  F-16  aircraft  due  to  aerodynamic  nonlinearity. 
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STEADY  FLOW  PRESSURE  DISTRIBUTION:  COMPARISON  OF  THEORIES 
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NLR  7301  Airfoil  in  Wind-Tunnel  Test  Section 

Computational  Mesh  and  Steady  Mach  Contours 

Computational  Mesh 
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NLR  7301  Airfoil  in  Wind-Tunnel  Test  Section 


Reduced  Frequency,  ra-coc/U^  M  Reduced  Frequency,  ©=coc/U 
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F-16  HB/LCO  Nonlinear  Aeroelastic  Model 
Computational  Mesh  and  Steady  Flow  Solution 


F-16  Inviscid  LCO  Amplitude  Response  Trend 

h=5,000  feet,  “Typical  LCO”  Structural  Modes 
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F-16  Inviscid  LCO  Wing  Tip  Motion  ft  =  0.004 

M=0.85,  h=5,000  feet,  “Typical  LCO”  Structural  Mode  Shapes 
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F-16  Inviscid  LCO  Wing  Tip  Motion  £1  =  0.005 

M=0.80,  h =5,000  feet,  “Typical  LCO”  Structural  Mode  Shapes 
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